Increased QT dispersion has been associated with ventricular arrhythmia and sudden death in a variety of cardiac disorders. Left ventricular hypertrophy (LVH) has also been associated with increased incidence of sudden cardiac death in patients with essential hypertension. Furthermore, patients with essential hypertension, particularly those with LVH, are more likely to develop ventricular arrhythmias than are the normal population. The relationship between LVH, QT dispersion, complex ventricular arrhythmia and sudden cardiac death in previously untreated patients over long-term follow-up in hypertension has not been reported before and is the purpose of this study. Fifty-nine adult subjects with essential hypertension, who had never been previously on antihypertensive treatment were followed up for a total of 119.2 ؎ 26.2 months. QTc (corrected QT), blood pressure, electrocardiograms, and 24-h Holter ECG recordings were performed in all patients at the time of entry to the study. Ventricular arrhythmias were classi-
Introduction
It is well known that left ventricular hypertrophy (LVH) is associated with an increased incidence of ventricular arrhythmia and sudden cardiac death. Systemic hypertension is one of the most important causes of pathological LVH and current evidence indicates that hypertensive patients with LVH are at increased risk of sudden cardiac death. 1 This evidence coupled with observation of an increase in ventricular arrhythmias has lead to speculation that these arrhythmias may be the cause of sudden cardiac death in these patients.
2, 3 Therefore the evidence linking LVH, ventricular arrhythmias and fied using a modified Lown's scoring system. During the follow-up period death occurred in 12 cases (20%) of which only six (10%) deaths were sudden. The findings of this study indicate that LVH and complex ventricular arrhythmias (Lown's score у3) are the only significant predictors of sudden death. Although patients who died suddenly had higher systolic and diastolic blood pressures and greater QTc dispersion compared to surviving patients, this difference was statistically not significant. Similarly, when those who died suddenly were compared to those non-cardiac deaths, LVH and complex ventricular arrhythmias were the only significant predictors of sudden death. In spite of increased QTc dispersion in hypertensive patients, this finding was not associated with increased risk of sudden death and only LVH and high grade ventricular arrhythmias identified hypertensive patients at risk of sudden cardiac death over a 10-year follow-up period. Journal of Human Hypertension (2001) 15, 677-680 sudden cardiac death in hypertensive patients is circumstantial and the underlying mechanism has not been resolved. On the other hand, increased QT dispersion in the 12-lead surface electrocardiogram has been associated with ventricular arrhythmias and sudden cardiac death in a variety of cardiac diseases. [4] [5] [6] [7] [8] The relationships between QT dispersion, LVH, complex ventricular arrhythmias and sudden cardiac death over long-term follow-up in hypertensive patients has not been studied previously. The aim of this study therefore was to examine the prognostic significance of these parameters in previously untreated patients.
We therefore decided to re-examine the records of patients studied by us in the 1980s. These patients were newly presenting hypertensives who had never been on treatment.
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Materials and methods
Patients
The study consisted of 70 previously untreated adult patients with essential hypertension who were initially seen in the hypertension clinic between January 1985 until January 1987. Following diagnosis, a wide variety of drugs were used to treat these patients and much treatment data were incomplete. We felt no meaningful information would be gained by looking for the effect of any specific agent.
Patients with secondary forms of hypertension were excluded from the study. Hypertension was established in these patients on the basis of several readings taken during two separate visits. Those with a systolic blood pressure of у160 mm Hg and/or diastolic blood pressure у95 mmHg were considered to have hypertension. Patients who had arrhythmia clinically or on the routine 12-lead ECG, evident cardiac or renal disease and those with systemic illnesses, particularly diabetes mellitus, were excluded from the study.
Measurement of QTc dispersion
A standard 12-lead surface electrocardiogram (ECG) was recorded for each patient on a three-channel ECG recorder at a paper speed of 25 mm/s and standardisation of 1 MV/cm. QT intervals were measured from the start of the QRS complex to the end of the T wave (ie return to the T-P baseline) and corrected for heart rate using Bazetts formula. 10 A mean of 10.7 ECG leads were measured in each patient (range [8] [9] [10] [11] [12] .
QTc dispersion is defined as the difference between the maximum and minimum QTc interval in any leads of the 12-lead electrocardiogram.
11
Electrocardiographic measurement of LVH
The precordial leads criteria of Sokolow 12 were used to measure LVH (ie Sv 1 + Rv 5 or Rv 6 у 35 mm).
Twenty-four hour ambulatory electrocardiography
Twenty-four hour Holter ECG recordings were performed using Reynolds-Tracker recorders and pathfinder-III P 31 analysers. Semi-automated visually assisted analysis was performed by trained cardiology technicians and quality control was maintained by random checking of 24-h tapes by one investigator. Results were analysed according to a modified form of Lowns scoring system for arrhythmias. 13 
Definition of sudden cardiac death
We followed Kuller's 14 definition of sudden cardiac death which is death not attributable to any other cause that occurs within 2 h of the onset of symptoms.
Follow-up
All study patients were followed prospectively for 119.2 Ϯ 26.2 months beginning from January 1987 until May 1997. Information on cause of death or survival data were obtained from the hospital records for patients who continued to be followed in the hospital, from family practitioners who took care of some of these patients, from the UK registrars of death in town halls of place of birth or by writing to family members or patients themselves. For 11 patients (16%) no follow-up data were possible and they were excluded from the study. Full information was therefore available in only 59 cases (84%) of whom 41 (69%) were males and 18 (31%) were females.
Statistical analysis
All analyses were done using SPSS/PC+ for Windows. The unpaired Student's t-test was used for comparisons of data. Univariate regression analysis was performed to determine the relationship between each of QTc, Lown score of arrhythmia, LVH and other variables. Results were expressed as mean Ϯ s.d. and a P value of р0.05 was considered significant.
Results
During the follow-up period (119.2 Ϯ 26.2 months) death occurred in 12 cases (20%) of which only six deaths were sudden (10%) and all were males. Death was due to arrhythmia in four cases and sudden death at home in which the cause was unclear occurred in another two cases. The remaining six deaths were non-cardiac in origin and they were five males and one female. These were due to malignancy in five cases and renal failure in one case. The malignancies were (two cases) lung, one prostatic, one urinary bladder and one multiple myeloma. Table 1 demonstrates the mean age, duration of follow-up, mean systolic and diastolic blood pressure, QTc dispersion, LVH and Lown's score for four groups of patients (all patients, alive patients, those who died sudden cardiac deaths and those with non-cardiovascular death).
Though persons who died suddenly had higher systolic and diastolic blood pressures and higher QTc dispersion vs alive patients, these differences were statistically nonsignificant.
Similarly, when those who died suddenly were compared to those who sustained non-cardiac deaths, LVH (P Ͻ 0.01) and Lown's score (P Ͻ 0.001) were the only significant predictors of sudden death. Although there was higher QTc dispersion in those who died suddenly, this difference did not reach statistical significance (P Ͻ 0.48).
All subjects who died suddenly had had complex ventricular arrhythmia on presentation (ie Lown's score у3). These were, non-sustained ventricular 
Discussion
Epidemiological studies indicate that coronary artery disease is an important cause of sudden cardiac death in hypertensive patients. 15 In fact, myocardial infarction is the most common cause of sudden death in patients with hypertension. 16, 17 However, there are other causes of sudden death in these patients.
It is known that increased QT dispersion predisposes to sudden arrhythmic death in many cardiac diseases. [4] [5] [6] [7] [8] The long term significance of increased QT dispersion in hypertensive patients and its relationship to sudden cardiac death has not been determined previously although QT dispersion in hypertension has been studied on many occasions. [18] [19] [20] [21] [22] [23] However the relationship between increased QT dispersion, LVH and ventricular arrhythmias as determined by 24-h ambulatory electrocardiographic recordings over long-term followup has not been studied previously in completely untreated patients. Within the limitations of this study the findings indicate that LVH and high grade ventricular arrhythmias are the only predictors of sudden cardiac death in hypertensive patients.
In spite of higher prevalence of complex ventricular arrhythmias at time of presentation in those who died suddenly Lown's score (5.17 Ϯ 0.75) compared to alive patients Lown's score (1.98 Ϯ 1.96) or to those who died of malignancy Lown's score (2.17 Ϯ 1.17), no episodes of sustained ventricular tachycardia were observed. Similar to our findings, no previous studies have reported sustained ventricular tachycardia in hypertensive patients with LVH. 12 In fact, in otherwise healthy subjects the occurrence of ventricular ectopy has little, if any, prognostic significance. 24, 25 In contrast, in patients with documented heart disease ventricular ectopy has more serious prognostic implications. 26, 27 The exact mechanism of ventricular arrhythmias in hypertensive patients with LVH is not clear. 28 
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Some pathogenic factors proposed by other investigators include, long standing hypertrophy leading to focal fibrosis and scarring in the myocardium itself, leading to impedance of the electrical impulse and giving rise to re-entry mechanisms, 29 or a decrease in the electrical threshold in the hypertrophied myocytes by an increase in the pressure-load. 30, 31 Our results indicate that neither QTc dispersion of the 12-lead surface electrocardiogram nor the level of blood pressure had any impact on long-term mortality from sudden cardiac death in patients with essential hypertension.
By contrast, LVH and complex ventricular arrhythmias are more powerful predictors of longterm mortality in these patients. Similar to our findings, Bikkina et al 32 showed that subjects with echocardiographic LVH and asymptomatic ventricular arrhythmias on Holter ECG recordings had significantly higher mortality. Galinier et al 33 after a follow-up period of 42.4 Ϯ 26.8 months of a group of hypertensive patients, demonstrated a significant relationship between complex ventricular arrhythmias, LVH and sudden cardiac death, but similar to our findings in spite of increase in QTc dispersion in hypertensive patients, particularly those with LVH, he failed to demonstrate a significant relationship between increased QTc dispersion and sudden cardiac death.
In conclusion, in spite of increased QTc dispersion in hypertensive patients, particularly those with LVH, this finding does not imply an increased risk of sudden cardiac death. The presence of LVH on the 12-lead surface electrocardiogram and higher grade ventricular arrhythmias on 24-h Holter ECG monitoring remain potentially more useful screening methods for identifying previously untreated hypertensive patients at risk of sudden cardiac death in the long term. We appreciate that our study has small numbers and any conclusions must be regarded with caution and perhaps its major contribution is to point the direction for larger better powered studies in the future.
